INTRODUCTION
============

Concurrent intracranial lesions can be accidentally detected by preoperative radiologic evaluation in patients with a brain tumor. Coexistent lesions are a new clinical concern to neurosurgeons. Cases of coexisting unruptured intracranial aneurysm (cUIA) are particularly worrying to neurosurgeons since cUIA rupture can be fatal during the perioperative period ([@B1][@B2]). Previous studies reported that the incidence of cUIA associated with brain tumor ranged from 2.3% to 7.7% ([@B3][@B4][@B5][@B6][@B7][@B8][@B9]). Considering the variable incidence of cUIA associated with brain tumors ([@B3][@B4][@B5][@B6][@B7][@B8][@B9]), there are a considerable number of cases in literature documenting perioperative aneurysm rupture ([@B10][@B11][@B12][@B13][@B14]). This data emphasizes the importance of cUIA management before tumor treatment ([@B1][@B2][@B10][@B11][@B12][@B13][@B14]). However, few studies have investigated treatment strategies for brain tumor with cUIA ([@B15][@B16][@B17][@B18][@B19]). Preoperative coiling and subsequent tumor surgery is one strategic option for treating cUIA prior to brain tumor surgery. However, few cases exist in literature, which were treated by this strategy ([@B17][@B18][@B19]).

The purpose of our study is to evaluate the safety and effectiveness of preoperative coiling for cUIA and subsequent brain tumor surgery, in patients with brain tumor and cUIA.

MATERIALS AND METHODS
=====================

This retrospective study was approved by the institutional review board and informed patient consent was waived for study inclusion based on study characteristics. Radiologic and clinical data were recorded in a prospectively maintained neurointerventional database, and were retrospectively reviewed.

Between November 2003 and November 2014, the patients who underwent preoperative coiling for cUIA and subsequent brain tumor surgery were identified from a prospectively maintained neurointerventional database of a single tertiary referral academic hospital. All patients were clinically assessed at the time of admission and at post-treatment (coiling and brain tumor surgery). Clinical outcomes were evaluated at the latest clinical follow-up on an outpatient basis or by telephone interview. All cUIAs were identified during preoperative evaluation of the known brain tumor. Each case was discussed by the neurointerventionists and neurosurgeons for determining the treatment strategy. Coiling prior to tumor surgery was considered based on at least one of the following conditions: 1) aneurysm with maximal size ≥ 5 mm, which is an internal criteria of the study hospital for preoperative coiling, 2) neighboring aneurysm near the tumor, which potentially compromise tumor surgery, 3) expected unstable hemodynamic situation during the perioperative period (highly vascular tumor or sinus invasion by tumor), or 4) demand by the oncologic neurosurgeon, based on the operative plan. Informed consent for treatment was obtained from the patient or legal representatives.

Endovascular Treatment
----------------------

All coiling procedures were performed under general anesthesia (n = 18) or intravenous sedation (n = 1). After femoral access, a 6-Fr Envoy (Cordis, Miami Lakes, FL, USA) guiding catheter or shuttle guiding sheath (Cook, Bloomington, IN, USA) was introduced into the internal carotid or vertebral artery. A bolus of 3000 IU heparin was administered intravenously, and maintained with a dose of 1000 IU/hour. If stent-assist coiling was planned, dual anti-platelet agents were prescribed to the patient for at least 5 days before the procedure. Dual anti-platelet medication was maintained for 3 months post-operation, and then changed to aspirin monotherapy for patients with stent-assisted coiling. Coiling technique and angiographic outcomes were retrospectively evaluated. Angiographic outcome was determined by Raymond\'s classification.

Variables
---------

Procedure-related complications, defined as any clinical deterioration (either transient or permanent) after treatment, were evaluated by immediate postprocedural imaging studies, electronic medical records, and a neurointerventional database. Clinical outcomes were determined at the latest clinical follow-up on an outpatient basis, or by telephone interview according to the modified Rankin Scale (mRS). Favorable outcomes were defined as mRS 0--2.

RESULTS
=======

Nineteen patients (15 female) underwent preoperative coiling for 23 cUIA and subsequent brain tumor surgery. The mean age was 55.2 years, ranging from 33 to 73 years.

Primary tumors were meningiomas (n = 7, 36.8%), pituitary adenomas (n = 7, 36.8%), gliomas (n = 3, 15.8%), vestibular schwannoma (n = 1, 5.3%), and Rathke\'s cleft cyst (n = 1, 5.3%). cUIAs were located at the distal internal carotid artery (n = 9, 39.1%), anterior cerebral artery (n = 8, 34.8%), middle cerebral artery (n = 4, 17.4%), basilar artery top (n = 1, 4.3%), and posterior cerebral artery P1 (n = 1, 4.3%). The characteristics of these patients are summarized in [Table 1](#T1){ref-type="table"}.

The single-microcatheter technique was used in 13 cases (56.5%), balloon-assisted was used in 4 cases (17.4%), double-microcatheter was used in 4 cases (17.4%), and stent-assisted was used in 2 cases (8.7%). Complete cUIA occlusion was achieved in 18 cases (78.3%), while residual neck occurred in 5 cases (21.7%). No technical failures were noted. Follow-up MR or catheter angiogram was performed in 15 patients (78.9%) with 18 cUIA at 6 months or more (mean 25 months). There were 14 cases (77.8%) of \"stable\", 2 cases (11.1%) of \"minor recurrence\", and 2 cases (11.1%) of \"major recurrence\", respectively. One of the \"major recurrence\" was successfully re-treated by additional simple coiling.

Clinical outcomes after preoperative cUIA coiling and tumor surgery are summarized in the [Table 1](#T1){ref-type="table"}. Transient ischemic attack (grade 4 contralateral hemiparesis) occurred after coiling in 1 patient. This was the only case of coiling-related complications (5.3%). At mean follow-up of 29 months, 15 patients (78.9%) had favorable outcomes (mRS, 0--2). There was 1 case (5.3%) of coiling-related complication and 4 cases (21.1%) of tumor surgery-related complications.

The median interval between coiling and tumor surgery was 55 days (range, 2--211 days). Neurological deterioration was not observed in any patient during the period between coiling and tumor surgery. Tumor surgery-related complications occurred in 4 patients (21.1%): hydrocephalus (n = 1), hemorrhage (n = 1), subdural hematoma infection (n = 1), and motor weakness due to brain edema after removal of a large meningioma (n = 1). In these patients, aneurysms were treated by simple coiling (n = 3) or balloon-assisted coiling (n = 1). No anti-platelet agents were administered after coiling. Clinical follow-up was achieved in 19 patients, with a mean follow-up period of 29 months after the final treatment (range, 2--120 months). Favorable outcomes were observed in 15 patients (78.9%). Among them, initial functional status of 2 patients (\#17 and \#18) was mRS 2 due to hemiparesis by malignant brain tumor, and did not changed after coiling and tumor surgery. Meanwhile, 4 patients (21.1%) had unfavorable outcomes at the latest follow-up. Causes of unfavorable outcomes were ischemic stroke after radiation therapy (n = 1), recurrence and multiple metastasis of underlying renal cell carcinoma (n = 1), weakness after brain tumor surgery (n = 1), and sepsis (n = 1) from subdural hematoma infection ([Table 1](#T1){ref-type="table"}).

DISCUSSION
==========

The overall outcomes of patients after treatment of both cUIAs and tumors were favorable in 78.9% of patients and unfavorable in 21.1% of patients during a mean of 29 months (range, 2--120 months) follow-up. No patient had any neurological deterioration during the period between coiling and tumor surgery. All unfavorable outcomes were related to brain tumor-related complications, tumor progression, or underlying malignancy (renal cell carcinoma).

With the recent development of neuroimaging techniques, cUIAs have been increasingly detected along with primary brain tumors. In this study, since all brain tumor patients were not evaluated with vascular imaging (MR/CT or catheter angiogram) due to its retrospective nature, the overall incidence of cUIA with brain tumor could not be analyzed. Previous studies reported that the incidence of cUIA associated with brain tumor ranges from 2.3% to 7.0%, and the most common combination was a meningioma ([@B3][@B4][@B5][@B6][@B7][@B8][@B9]).

Treatment strategies for brain tumor and cUIA have not yet been established. Because the tumor is responsible for presenting symptoms in most cases, treatment strategies should focus on tumor surgery ([@B16]). If a cUIA is small and distantly located from the brain tumor, tumor surgery can be performed first and the cUIA can be followed up or treated later. However, depending on the cUIA location and size, the cUIA should be treated prior to tumor surgery. For cUIAs adjacent to brain tumors ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}), the aneurysm should be treated prior to tumor surgery because the aneurysm may be inadvertently injured and rupture during or after tumor surgery ([@B10][@B11][@B12][@B13][@B14][@B15]). The risk of rupturing a cUIA, especially a large one ([Fig. 3](#F3){ref-type="fig"}), may increase due to hemodynamic changes during or after tumor removal. We had one case of aneurysm rupture shortly after tumor surgery (unpublished data).

Several strategic options exist when an untreated cUIA poses a threat during or after tumor surgery. Simultaneous aneurysm clipping and tumor removal is occasionally possible, depending on the anatomical relationship between the tumor and cUIA ([@B15]). In general, this strategy is technically more demanding, and may increase the possibility of complications during or after tumor surgery. Another option is a staged operation to clip the cUIA with subsequent tumor surgery. However, this involves repeat craniotomy and delays tumor surgery, more than the preoperative coiling strategy. Endovascular treatment of UIA is very safe and effective even in wide neck and large aneurysms ([@B20][@B21][@B22][@B23]). Thus, cUIA coiling and subsequent tumor surgery is an alternative option. However, only a few cases treated by this strategy are reported in literature ([@B17][@B18][@B19]). To our knowledge, this study is the first case series collected over an 11-year period at a single large center, where the safety and efficacy of preoperative coiling and subsequent brain tumor surgery has been evaluated.

This strategy has several advantages. First, it eliminates the concern of possible severe complications associated with cUIA during tumor surgery. It is a more simplified tumor surgery than the one stage operation of cUIA and brain tumor. Second, this technique alleviates the burden of repeat craniotomy. Finally, delay time for tumor surgery is lesser than the strategy of clipping and subsequent tumor surgery. One major concern about preoperative coiling is the use of antiplatelet medication with stents. In our study, only 2 aneurysms (8.7%) were treated with stent-assisted coiling due to wide neck (dome to neck ratio ≤ 1.5) and under-tall (aspect ratio ≤ 1.0) aneurysm. These patients had slowly growing benign tumors without urgent clinical symptoms, and a delay in tumor surgery did not matter. Another major concern is that periprocedural complications of coiling might delay tumor operations. In general, however, the morbidity of coiling for cUIA is very low. In our series, there was only 1 transient ischemic attack, which neither delayed tumor surgery nor affected the clinical outcome.

This study has several limitations. First, due to its retrospective nature, interval between coiling and tumor surgery was very variable (2--211 days), and indication for preoperative coiling of cUIA was not strict. In 2 patients with stent-assisted coiling, antiplatelet medication delayed tumor surgery. Meanwhile, in the other patients, surgery was delayed due to a slow growing benign tumor, preoperative medical treatment, and elective operation schedule. Secondly, a small number of cases in this study may limit the generalizability of study results. However, prevalence of cUIA with brain tumor is very low, the effectiveness and safety of preoperative coiling for cUIA were focused in this study.

In cases of cUIA and brain tumor, treatment strategies should be designed according to the tumor and aneurysm conditions, locations, and pathologic nature. Preoperative cUIA coiling generally has low morbidity, can simplify tumor surgery, and results in fewer tumor surgery delays than the strategy of staged clipping with subsequent tumor surgery. If cUIA treatment is needed prior to tumor surgery, preoperative cUIA coiling with subsequent tumor surgery is a good treatment option.

In conclusion, Preoperative coiling with subsequent tumor surgery was safe and effective. It is a reasonable treatment option for patients with concurrent brain tumor and cUIA.

![53-year-old woman presenting with pituitary adenoma and coexisting unruptured aneurysm.\
**A.** Coronal view of T2 weighted MRI shows 5.3-mm sized aneurysm (arrow) buried in PA. Arrowheads indicate right internal carotid artery. **B.** Oblique coronal view of flat panel angiographic CT shows small aneurysm (arrow) arising from right internal carotid artery, with dome buried in PA. **C.** Control angiogram after coiling shows complete aneurysm occlusion. **D.** 6-month follow-up MR angiogram shows complete occlusion state of aneurysm (white arrow). PA = pituitary adenoma](kjr-17-931-g001){#F1}

![55-year-old man presenting with high grade glioma and concurrent unruptured aneurysm.\
**A.** Axial view of T2 weighted MRI shows 7.7-mm sized aneurysm (arrow) at anterior communicating artery and brain tumor with cystic portion (T) in left frontotemporal region. Note dome of aneurysm is toward brain tumor. **B.** Working projection view of angiogram during coiling. **C.** Control angiogram after coiling shows complete occlusion of aneurysm. **D.** Axial view of T2 weighted MRI after tumor surgery. Arrow indicated coiled aneurysm.](kjr-17-931-g002){#F2}

![68-year-old woman presenting with left parietal convexity meningioma and coexisting unruptured aneurysm.\
**A.** Sagittal view of enhanced MR shows meningioma with peritumoral edema in left parietal convexity. **B.** Lateral projection of left internal carotid angiogram shows large aneurysm with daughter sac at left posterior communicating artery origin. **C.** Control angiogram after coiling shows complete aneurysm occlusion. **D.** MR-DWI obtained due to transient ischemic attack (grade 4 contralateral hemiparesis) shows several high signal spots. MR-DWI = magnetic resonance diffusion weighted imaging\
**E.** Axial view of T2 weighted MRI after tumor removal. Patient had grade 4 contralateral weakness after brain tumor surgery, but recovered over several weeks. **F.** 2-year follow-up MR angiogram shows complete occlusion state of aneurysm (white arrow). 2-year Functional status of this patient was mRS 1. mRS = modified Rankin Scale](kjr-17-931-g003){#F3}

###### Results of Preoperative Coiling and Subsequent Tumor Surgery in Patients with Brain Tumors and Concurrent Unruptured Aneurysms

![](kjr-17-931-i001)

  Pt-No   Sex/Age   Tumor Type                                     An. Loc.                An. Size (mm)   Coiling Ix                   Coiling-Related Cx   Interval Coiling-Surgery (Days)   Tumor Treatment-Related Cx   mRS (Months, Cause)              Follow-up Angiogram Results
  ------- --------- ---------------------------------------------- ----------------------- --------------- ---------------------------- -------------------- --------------------------------- ---------------------------- -------------------------------- -----------------------------
  1       F/47      Meningioma                                     ICA distal              5               Size/Highly vascular tumor   None                 2                                 None                         0 (120)                          Stable
  2       F/51      Meningioma                                     ICA distal              4.5             Highly vascular tumor        None                 55                                None                         0 (80)                           Stable
  3       F/63      Meningioma                                     PCA P1                  4.8             Neigh-boring An.             None                 178                               Hydrocephalus                4 (89, stroke)                   Stable
  4       F/33      Pituitary adenoma                              ICA distal              4.7             Neigh-boring An.             None                 110                               None                         0 (24)                           None
  5       F/71      Rathke\'s cyst                                 Acom                    2.5             Neigh-boring An.             None                 9                                 None                         0 (36)                           Stable
  6       F/58      Pituitary adenoma                              ICA distal              7.1             Size/Neigh-boring An.        None                 190                               None                         6 (23, RCC recurrence)           Stable
  7       M/72      Meningioma                                     ICA AChA                5.2             Size/Highly vascular tumor   None                 19                                Hemorrhage/hemiparesis       3 (12, postoperative weakness)   Stable
  8       F/37      Pituitary adenoma                              Acom/BA                 3.5/3.0         Neigh-boring An.             None                 106                               None                         0 (24)                           None
  9       F/45      Schwannoma, ipsilateral cerebropontine angle   MCA                     3.9             Surgeon\'s demand            None                 211                               None                         1 (18)                           Minor
  10      F/62      Meningioma                                     MCA                     4.5             Highly vascular tumor        None                 6                                 SDH infection                6 (24, sepsis)                   None
  11      F/69      Meningioma                                     A2                      2.4             Highly vascular tumor        None                 24                                None                         0 (16)                           Stable
  12      F/69      Meningioma                                     ICA Pcom                14.1            Size                         TIA                  17                                Hemiparesis                  1 (24)                           Stable
  13      F/51      Pituitary adenoma                              Bilateral A2/ICA Pcom   4.4/3.1/2.0     Neigh-boring An.             None                 147                               None                         0 (12)                           Stable/major/stable
  14      F/58      Glioma (WHO grade, 2)                          A2                      4.4             Neigh-boring An.             None                 25                                None                         0 (12)                           None
  15      F/53      Pituitary adenoma                              ICA distal              5.3             Neigh-boring An.             None                 135                               None                         0 (12)                           Stable
  16      F/35      Pituitary adenoma                              Acom                    3.2             Neigh-boring An.             None                 106                               None                         0 (11)                           Stable
  17      M/55      Glioma (WHO grade, 4)                          Acom                    7.7             Size                         None                 20                                None                         2 (6)                            Minor
  18      M/46      Glioma (WHO grade, 3)                          MCA                     6.2             Size                         None                 21                                None                         2 (6)                            Major
  19      M/73      Pituitary adenoma                              ICA distal/MCA          4.5/3.7         Neigh-boring An.             None                 167                               None                         0 (2)                            Stable/stable

AChA = anterior choroidal artery, Acom = anterior communicating artery, An. = aneurysm, BA = basilar artery, Cx = complication, F = female, ICA = internal carotid artery, Ix = indication, Loc = location, M = male, Major = recuurence requiring additional treatment, MCA = middle cerebral artery, Minor = recurrence but not requiring additional treatment, mRS = modified Rankin scale score, PCA = posterior cerebral artery, Pcom = posterior communicating artery, Pt-No = Patient number, RCC = renal cell carcinoma, SDH = subdural hematoma, Stable = improved or no interval change
